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Method for manufacturing a printed circuit board element as 
well as a printed circuit board element 

The invention relates to a method for manufactur- 
ing a printed circuit board element, wherein starting from a 
printed circuit board substrate with at least one conductor 
layer, preferably two conductor layers, these or at least 
one conductor layer, respectively, is structured and noble 
metal is applied thereon. 

The invention further relates to a printed circuit 
board element with at least one, preferably two structured 
conductor layer (s) applied on a substrate, and with a noble 
metal on the or at least one conductor layer, respectively. 

The term "printed circuit board element" is to be 
understood as one-sided or double -sided printec circuit 
board or also as a multilayer printed circuit board, mounted 
or not yet mounted with components, wherein it is primarily 
essential that a substrate, usually from an epoxy resin 
layer, is present with at least one metallic, electrically 
conductive layer, normally made of copper, provided thereon. 
Hereinafter, the metallic layer is designated as "conductor 
layer". Said conductor layer may be an outer layer or also, 
in the case of a multilayer, an inner layer. 

It has already been proposed to locally provide on 
sites where electric components are to be mounted a noble 
metal layer, especially made of silver, on the copper con- 
ductor layer. This particularly happens when PTF components 
(PTF - polymer thick film) is mounted by means of a printing 
process, wherein here especially PTF resistors are used. The 
noble metal layer between the copper of the conductor layer 
and the PTF paste of the components enhances the stability 
of the circuit, which circuit may be negatively affected by, 
e.g., moisture; the noble metal layer forms a "blocking 
layer" insofar as it helps to avoid corrosion of copper on 
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account of moisture, e.g. when the PTF paste hardens. On the 
other hand, it improves the electric contact between the 
copper of the conductor layer and the PTF paste. 

This, however, involves the drawback that the no- 
ble metall layer can only be applied on locally very limited 
sites, namely exactly on sites to be imprinted with the PTF 
paste; providing the noble metal layer on the whole copper 
conductor layer, would, however, highly negatively affect 
the adherence of layers to be applied thereon. For example, 
in the case of a pressing to the multilayer, the necessary 
interlaminar adherence to a printed circuit board structure 
provided thereon would no longer be present, and the result 
would be a delamination when mounting on such a printed cir- 
cuit board element, and thus a total defect of the printed 
circuit board element. If the conductor layer is an outer 
layer, i.e. no epoxy- resin/conductor layer structure is to 
be mounted, it is, as a rule, necessary for mounting compo- 
nents to create a solder stop mask on the outer layer, and 
in the case of a noble metal layer such a solder stop mask 
would adhere only badly. For these reasons, as mentioned 
above, the noble metal can only be applied on locally very 
limited sites, and the remaining copper conductor layer sur- 
face, when further proceedin the printed circuit board ele- 
ment, is covered with a separate adherence promoting layer 
to promote either the mounting of a solder stop mask or 
pressing to the multilayer. 

For the only partial application of the noble 
metal on locally limited areas of the conductor layer, how- 
ever, separate process steps are required, i.e. applying of 
a masking layer and removing thereof; nevertheless, spall ing 
of the materials present thereon occurs over and over again 
in the region of the noble metal surface, and thus results 
in defects. 



It is now the aim of the invention to provide a 
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method for manufacturing a printed circuit board element and 
a printed circuit board element, respectively, of the ini- 
tally defined kind, wherein efforts and costs for the proc- 
ess steps of masking and demasking during manufacture can be 
avoided, so that the manufacture is essentially simplified, 
and wherein, nevertheless, an excellent adherence of the in- 
dividual layers to each other is rendered possible, no sepa- 
rate (additional) adherence promoting layer on the conductor 
layer being necessary. 

To achieve this aim, the invention provides a 
method and a printed circuit board element, respectively, as 
defined in the independent claims. 

Advantageous embodiments and further developments 
are indicated in the dependent claims. 

With the inventive technique, the noble metal 
layer itself forms an adherence promoting layer on which 
subsequent layers, such as a further printed circuit board 
structure or also a solder stop mask, can be applied with 
good adherence thereto. Moreover, the material of PTF compo- 
nents produced by imprinting, especially PTF resistors, but 
also solder material, or, in the case of an adhesive fasten- 
ing, adhesive material of prefabricated components excel- 
lently adheres to the noble metal layer. This good adherence 
of the different materials is achieved by using a roughened 
surface of the noble metal layer instead of a smooth one. 
Said surface roughness is created already in the conductor 
layer, usually made of copper, present under the noble metal 
layer, wherein the surface roughness is provided in an order 
of magnitude of at least that of the thickness of the noble 
metal layer, preferably being larger by one order of magni- 
tude. Thus, said surface roughness of the conductor layer is 
also maintained when subsequently applying the noble metal 
layer. Particularly, the surface roughness of the conductor 
layer is in the range of between 0.05 pm and 5 \im , espe- 
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cially 0.3 and 3 pm, preferably 0.5 pm and 1 pm, and the 
preferred thickness of the noble metall layer is between 
0.02 \im and 1 yim, preferably between 0.02 jam and 0.5 pm. The 
surface of the conductor layer may be roughened, e.g. by 
chemical etching, mechanical processing or by electroplat- 
ing. The noble metall layer is then applied on said rough- 
ened conductor layer, e.g. electroless or by electroplating, 
by cathodic evaporation or sputtering. It is advantageous to 
use silver, gold, palladium, nickel or a combination of the 
individual ones of these metals or all of the metals, as no- 
ble metal. After having applied said comparably thin noble 
metal layer on the whole surface of the conductor layer (in- 
stead of applying only locally on small partial sections) , 
wherein the surface roughness is maintained, electrical com- 
ponents, such as, in particular, PTF resistors, etc, can be 
applied by imprinting, and a pressing to a multilayer may 
follow or also a solder stop mask may be mounted in order to 
allow for the attachment of prefabricated electric compo- 
nents in an automatic soldering process. 

An exemplary production according to the inventive 
technique provides for the following basic steps: 

a) structuring the copper conductor layer (usually 
by etching in a photolithographic process) 

b) roughening the surface of the conductor layer 

c) applying the noble metal layer 

d) applying the components (e.g., PTF resistors) 

e) pressing to a multilayer. 

Compared thereto, in the conventional standard 
process the following principal steps are necessary: 

a) structuring the conductor layer 
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b') applying a separate adherence promoting agent 
on the conductor layer (usually by means of an oxidation 
process and by the aid of organic constituents) 

c') applying and structuring a photoresist layer 

c'') partial applying a noble metal layer 

c' 1 * ) removing the photoresist layer 

d) applying the components 

e) pressing to the multilayer 

As can be directly learned from this comparison, 
cost -intensive steps are rendered unnecessary by the inven- 
tive technique, if proceeding according to the invention; 
furthermore, the properties of the printed circuit board 
elements are improved. 

Hereinafter, the invention is further explained by 

way of preferred exemplary embodiments, yet without being 

restricted thereto, and by the drawings. In detail, the 
drawings show in : 

Fig. 1 a schematic top view on a printed circuit 
board element with local noble metal layers on a copper 
layer according to the prior art; 

Fig. 2 a schematic section through a part of said 
printed circuit board element on a larger scale according to 
line II-II of Fig. 1; 

Fig. 3 a schematic top view on a printed circuit 
board element according to the invention in correspondence 
with the illustration of Fig. 1; and 

Fig. 4 a cross section through said printed cir- 
cuit board element similar to the illustration of Fig. 2, 
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wherein additionally a printed circuit board structure, 
which is to be pressed on, having a copper outer layer as 
well as a bottom conductor layer is illustrated. 

In Fig. 1 a part of the printed circuit board ele- 
ment 1 is schematically shown in top view, the layered 
structure of the printed circuit board 1 furthermore being 
apparent from Fig. 2 by way of example. 

In Fig. 1 individual materials of the printed cir- 
cuit board element 1, as they are visible on the upper side 
of the printed circuit board element 1, are illustrated by 
hatched lines, dotted lines or double -hatched lines for a 
better differentiation, wherein the single -hatched lines il- 
lustrate epoxy resin substrate 2 (cf. also Fig. 2), on which 
a structured metal layer 3, especially made of copper, is 
present, which layer is illustrated by dotted lines for a 
better differentiation. Hereinafter, said metal layer 3 is 
referred to as conductor layer 3 for the sake of simplicity, 
and by its structuring (by means of photolithographic tech- 
niques) these areas on the upper side have become visible, 
i.e. have been uncovered, in which the epoxy resin substrate 
2 lying thereunder, hereinafter generally referred to as 
printed circuit board substrate 2 or shortly substrate 2, 
can be seen from the upper side. 

Furthermore, double -hatched lines refer to elec- 
tric components 4 which are components, in particular resis- 
tors, e.g. imprinted by means of PTF technique (PTF Polymer 
Thick Film) . In the region of the ends of said components 4, 
in particular resistors, connecting or contact surfaces, re- 
spectively, are provided, which are formed by the corre- 
sponding areas 5' (cf . Fig. 2) of conductor layer 3 as well 
as of further noble metal layers 6 locally applied thereon. 
In Fig. 1 said noble metal layers 6 are illustrated as free 
surfaces without any hatches or the like, in the cross sec- 
tion illustrated in Fig. 2, however, with hatches. 
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Noble metal layers 6 consists, in conventional 
manner, of, e.g. a thin local silver layer, and they form a 
blocking or stabilizing layer; when components 4 are mounted 
and fixed (hardened) said layer hinders moisture from reach- 
ing conductor layer 3 and thus prevents corrosion of said 
conductor layer 3 in the contact area. Furthermore, said no- 
ble metal layer 6 also improves the electric contact between 
component 4 and conductor layer 3 . 

This known technique involves the drawback that 
the noble metal layer 6 can be applied only locally, in very 
limited areas, namely in the areas of contact surfaces 5. If 
such noble metal coating was applied on the whole conductor 
layer 3, a subsequent coating of the printed circuit board 
element 1, as illustrated in Figs. 1 and 2, e.g. with a fur- 
ther printed circuit board structure or also with a solder 
stop mask, would not adhere at all or only very poorly, and 
this would result in a relatively quick detachment of the 
applied layer (s) . 

On the other hand, applying the noble metal layers 
6 only locally requires relatively great effort during manu- 
facture, as separated steps are necessary for masking the 
upper side of the printed circuit board element 1 as well as 
for removing said masking after having applied noble metal 
layers 6. Moreover, practice shown that, when further layers 
are applied on layers 6, local spalling of said applied lay- 
ers occurs in the area of noble metal layers 6, e.g., when 
printed circuit board element 1, as illustrated in Figs. 1 
and 2, is pressed to a multilayer (cf. also Fig. 4), and, in 
particular, spalling of the materials of components 4 (PTF 
resistors) off the noble metal layers 6 has been observed. 

The inventive technique allows for a complete 
coating of conductor layer 13 on substrate 12 with noble 
metal, as can be seen in Fig. 3, and as a result, conductor 
layer 13 is fully or substantially fully covered with a no- 
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ble metal layer 16. The above-mentioned masking and demask- 
ing processes, as required in the known technique, are 
thereby rendered unnecessary. Nevertheless, excellent adher- 
ence of the layers applied thereon is rendered possible, 
e.g. the adherence of a substrate 3 ' of a printed circuit 
board structure 1', which structure has an outer conductor 
layer 3 1 , when pressed to a multilayer, cf . Fig. 4 in which 
said pressing (simultaenously with a heating) is schemati- 
cally illustrated by arrow 7. Instead of such a printed cir- 
cuit board structure 1', as shown in Fig. 4, e.g. also a 
solder stop mask can be mounted onto the upper side of the 
printed circuit board element 11 according to Figs. 3 and 4. 
Also in this case good adherence is obtained. 

To obtain this good adherence, conductor layer 14 
is roughened on its surface before applying noble metal 
layer 16, wherein surface roughness 8 shown in Fig. 4 is il- 
lustrated quite schematically by a wavy line. The compara- 
tively thin noble metal layer 16 also follows said surface 
roughness 8 of conductor layer 13, so that its upper side 
also shows a corresponding roughness 8 1 . This surface rough- 
ness 8' then guarantees the mentioned good adherence of a 
layer applied thereon, e.g. of an epoxy resin substrate 
layer 2 ' or a solder stop mask. 

Printed circuit board substrates of the conven- 
tional type, such as, e.g. FR 4 substrate, can be the basis 
for the present printed circuit board element 11, therein, 
as mentioned above, an epoxy resin substrate 2 and a copper 
layer 13 applied thereon are present. If possible, substrate 
2 can also be provided with a conductor layer (copper layer) 
13' on the bottom side, as illustrated in Fig. 4, and said 
conductor layer 13' can also be correspondingly roughened 
and provided with a noble metal layer. The mounted component 
4 preferably is a polymer thick -film component, in particu- 
lar a PTF resistor, which is attached in a printing process. 
Such a PTF resistor consists, e.g., of phenolic resin, in 
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which, depending on the resistance value, carbon particles 
are included in the required concentration. 

Noble metal layer 16 may consist of silver, as al- 
ready mentioned, but also of gold, palladium, platinum or 
nickel or similar noble metals. Depending on the materials 
used, also corresponding roughening and application tech- 
niques, respectively, are employed. These techniques are 
known per se and therefore they are only briefly mentioned 
hereinafter . 

In the case of a noble metal layer 16 made of sil- 
ver, the basis for the coating preferably constitutes a sim- 
ple exchange reaction, wherein the copper of conductor layer 
3 is replaced by silver of noble metal layer 16 according to 
the relation 

Ag + aq U\/2Cu s U Ag s OU2Cu 2 a ; (1) 

Said exchange reaction happens between copper and 
silver on account of the potential difference, and a very 
compact silver layer on the copper layer is obtained. The 
result are silver layers 16, of a thickness in the range of 
between 0.1 jam and 0.25 \im (generally preferably between 
0.02 pm and 0.5 pm) . 

In the case of a palladium coating, hydrogen and 
an activator containing palladium is applied, whereby an 
autocatalytic reaction is initiated: 

Pd°UH 2 U Pd °U2K ads (2) 
PdT □ 2W ads □ Pd °D 2H / n x 



2Reda iMrh H i DCO i 



(4) 
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IRed.UPd^U Pd 0 *\32HDC0 2 (5) 

At a pH of <3.5 decomposition of the reduction 
agent starts, and reactions occur in the diffusion layer 
only. The released hydrogen guarantees the continuance of 
the reaction. 

Comparable chemical coating techniques can be used 
for nickel and gold. 

Other per se conventional techniques can, however, 
also be used for applying the noble metal layer 16 on the 
conductor layer 3, such as, e.g., attaching of the noble 
metal on the conductor layer 13 by electroplating, attaching 
of the noble metal by cathodic evaporation or application 
by sputtering. The noble metal layer, as mentioned above, 
advantageously has a thickness of between 0.02 pm and 1 yim. 

After of before being conventionally photolitho- 
graphically structured, the surface of conductor layer 13 
can be roughened by means of various per se conventional 
techniques. For example, roughening by a mechanical process 
is conceivable, as well as by electroplating or by ionic or 
chemical etching, respectively, wherein an etching medium, 
e.g. on the basis of hydrogen pe roxid/sulf uric acid, is 
used. The surface roughness is provided in an order of mag- 
nitude of between 0.05 urn and 5 urn, preferably 0.3 pm and 3 
pm, in particular 0.5 p and 1 yim, and partly needle-like 
surface structures are obtained. (As mentioned above, the 
wave-like illustration of Fig. 4 is to be viewed only very 
schematically, it is, however, also provided to make clear 
that surface roughness 8 and 8', respectively, is greater, 
i.e. is provided in a larger dimensions compared to the 
thickness of noble metall layer 16.) 



